This paper presents photonic communications and data storage capacitates for classical and quantum communications over a quantum channel. These capacities represent a generalization of Shannon's classical channel capacity and coding theorem in two ways. First, it extends classical results for bit communication transport to all frequencies in the electromagnetic spectrum. Second, it extends the results to quantum bit (qubit) transport as well as a hybrid of classical and quantum communications. Nature's limits on the rate at which classical and/or quantum information can be sent error-free over a quantum channel using classical and/or quantum error-correcting codes are presented as a function of the thermal background light level and Einstein zero-point energy. Graphical results are given as well as numerical results regarding communication rate limits using Planck's natural frequency and time-interval units!
Introduction
Photonic modulation can be used, respectively, to reliably transport classical information bits as well as quantum information qubits, see Figure 1 . Using the "secondquantization" of the electromagnetic field, quantum mechanical models for coherent photonic states and Shannon's sphere-packing argument, the quantized analog of Shannon's classical channel capacity and coding theorem is derived when classical or quantum information bits are transported over a quantum channel. Using this result, the unit information metric between a classical bit and a quantum bit, the qubit, is established from which the quantum channel capacity and spectral efficiency, quantum information storage density and quantum information storage capacity are developed. It is shown that the quantized capacities (signal energy discrete) reduces to Shannon's classical results when the energy in the field is assumed to be continuous and the channel center frequency c   Hz/°K is less than the partitioning frequency Nature's limits on the rate at which classical and quantum information can be sent error-free over a quantum channel using classical and/or quantum error-correcting codes are presented as functions of the thermal background light level and Einstein's zero-point energy (ZPE). For system engineering design, numerous graphical results are plotted for both the quantized and quantum channel capacities, spectral efficiencies and the information storage capacities. The results demonstrate the feasibility of Terabit per sec to Petabit per sec data rates and Petabyte information storage capacities of 2/ln2 bits/ photon or one qubit per photon. In this regard, it is shown that the qubit information unit equals two nats/qubit or 2/ln 2 bits/qubit, i.e., 1 qubit = 2 nats = 2/ln 2 bits! Finally, it is shown that error-free quantum communications can be asymptotically approached in a wideband pristine environment using a minimum of 0.345 photons per bit or one photon per qubit. In a low temperature environment, it is shown that classical or quantum information, storage density and communications capacity do not depend upon energy but upon the ratio of two integers, viz., the ratio of the number of photons per message, s N to the number of dimension per message, N, or equivalently, the interialess photon-time bandwidth product p BT . By setting a fundamental bandwidth limitation on the quantum channel bandwidth B using Planck's natural frequency and time-interval units at boundary 
Finally, information quanta are identified and related to Planck-Einstein energy quanta.
System Functional Architectures
In this section, functional architectures for quantizedclassical and quantum communication systems are presented along with system parameters and performance metrics. System parameters include: time intervals, channel bandwidth, bit and qubit signal energies and associated thermal background light levels. Performance metrics include: channel capacities, information storage densities and information storage capabilities. Relationships connecting these performance metrics are established together with those that relate quantum assets to their classical counterparts.
Classical-Quantum Communication System Models
For transmission, classical bits are encoded into codeddigits using a classical [ , error-correcting code; see Consider now the extended classical-quantum system shown in Figure 1 . Figure 1 contain both classical and quantum subsystems, we refer to this system as a hybrid system. In this regard, we can write the time interval-coding equation for Figure 1 , viz., 2 2 (log log )
where qb is the time per qubit and
. Dividng both sides of (1) Copyright © 2013 SciRes. OPJ Furthermore, (1) and (2) allow us to connect all rates to the number of classical messages
where E b is the energy per bit and E N is the energy per dimension. The corresponding power-energy relationship is The time interval-coding equations, code rates, energy-power relationships and the alphabet sizes will be useful when the performance metrics of the quantizedclassical systems are compared to their quantum counterparts of Figure 1 . In particular, the quantized channel capacity C bits per sec and N C bits per dimension (spectral efficiency in (bits/sec)/Hz) and the quantized information storage capacity 
With all parameters of our system models defined and connecting relationships introduced, we are in a position to present the quantized classical capacities, the quantum capacities, their connections and nature's limits regarding error-free transmission. Before doing so, we present the quantum channel model.
Quantum Communications Channel Model
From elementary quantum mechanics, the vibrational states of an atomic harmonic oscillator have energies that depend on frequency    
and the probability of finding the "oscillator" in vibrational state n is
where 0 / kT h    is the "natural frequency" of the quantum channel, k is Boltzmann's constant and is the background temperature in degrees Kelvin. 
Quantized Shannon Communication Channel and Information Storage Capacities
We are now in a position to develop the quantized version of Shannon's classical channel capacity for all frequencies in the electromagnetic spectrum. We will show that the quantized results reduce to the continuous energy case of Shannon in the frequency region where . 
Graphical Results
As we have seen, the parameter in (11) plays a key role in establishing values for all quantum capacities. Since , the parameter D satisfies From these curves we see that performance is, for all practical purposes, insensitivity to the normalized bandwidth parameter / c B  . 
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